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(54) A dielectiic material, a method for producing the same and a dielectric resonator device 
comprising same 



(57) Dielectric materials are disclosed that are 
based on BaO-2nO-Ta205 represented by the formula 
Ba(Zni/3Ta2/3)03. Ba has been partly replaced by K and 
either Zn or Ta has been replaced by at least one ele- 
ment selected from Mg, Zr. Qa, Ni, Nb, Sn. The dielec- 
tric materials have a relatively high permittivity, a small 
aljsolute value of the temperature coefficient of reso- 
nance frequency, and a high unloaded quality factor. A 
method for producing the dielectric materials is also dis- 
closed which includes mixing given amounts of starting 
materials, such as. for example, BaCOs, ZnO. Ta205, 
K2CO3, MgCOa. SnOg or Zr02, compacting the mixture 
to produce a compact, sintering the compact in an oxi- 
dizing atmosphere such as. for example, air. at 1.400 to 
1.600**C, more preferably at 1,550 to 1.600*C for 2 
hours, and then heating the sintered compact at a tem- 
perature lower ttian the sintering temperature by from 
50 to 250'*C. e.g., by 100^'C. for at least 12 hours, pref- 
erably for 24 hours. A dielectric resonator comprising 
the dielectric material of the present invention is also 
disclosed. 
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Description 

This application claims the benefit of Japanese patent application Na Hei. 8-301202, filed October 25, 1996. and 
No. Hei. 9-191868. filed July 1. 1997. which are hereby incorporated by reference. 

BACKGROUND OF THE iNVENTION 

Reld of the invention 

The present invention^^ related to dielectric materials of excellent quality that have a relatively high permittivity (here- 
inafter referred to as e^) in a high frequency region, a small absolute value of the temperature coefficient of resonance 
frequency (hereinafter referred to as Tf of fo). and a high unloaded quality factor (hereinafter referred to as QJ. The die- 
lectric materials of the Invention can be used in applications such as multilayer circuit boards, and. in particular, high- 
frequency resonators and filters. This invention further relates to processes for producing the dielectric materials. 

Discussion of the Related Art 

Dielectric materials based on BaO-ZnO-TaaOs or BaO-MgO-Ta205 are frequently used in high-frequency applica- 
tions. Such dielecti-ic materials for use in high-frequency applications must satisfy the following requirements: 

(i) a high Cp 

(ii) a small absolute value of Xf; and 

(Hi) a high in a high-frequency region. 

The dielectric materials based on BaO-ZnO-TaaOs or BaO-MgO-TaaOs are oxides represented by the empirical for- 
mula Ba(Zni/3Ta2/3)03 or Ba(Mgi/3Ta2/3)03. respectively, tiiat have a perovsWte crystal structure. These oxides are 
generally referred to as BZT and BMT for short. Although BZT and BMT materials are excellent dielectric materials hav- 
ing a high Q^, there is a need for a dielectric material having an even higher because these dielectric materials are 
increasingly used in a higher-frequency region, from the miaowave to the sub-millimeter wavelength region. In addition, 
these dielectric niaterials generally are produced by complex and industrially undesirable processes, which include sin- 
tering at high temperatures exceeding 1 .600*C. sintering for a prolonged period, or sintering by ultrahigh-rate heating 
(see. for example. JP-B-6-25023. JP-A-4-224161, and JP-B-3-51242). (Here. "JP-B" and "JP-A" refer to an "examined 
Japanese patent publication" and an "unexamined published Japanese patent application," respectively.) Moreover, 
some trials of adding additives to these dielectric materials In order to improve sintering properties (see. for example. 
JP-B-1 -18523 and JP-B-3-34164). 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a dielectric material and method for producing the same that sub- 
stantially obviates one or more of the problems due to the limitations and disadvantages of the related art. 

An object of the present invention is to provide dielectric materials that have a relatively high €p of 20 or higher, and 
an absolute T{ value, as small as 10 ppm/^'C or below, and in which the product of as determined by Resonant Cavity 
Method {TE016 mode) and fo (i e.. Quxfo.) «s 20,000 GHz or larger, and preferably 40,000 GHz or larger. (See H. Sree- 
moolandhan arKl M.T. Sebastian. "Dielectric Ceramic Materials for Microwave Resonator Applications", Metals Materi- 
als And Processes. 1995. Vol.7. No.4, pp. 251-266). 

Another object of the present invention is to provide methods of manufacturing the above dielectric materials. 

Another object of the present invention is to provide a dielectric resonator utilizing the dielectric material of the 
present invention. 

To achieve these and other advantages, and in accordance with the purpose of the present invention, as embodied 
and broadly described, in a first aspect of the present invention tiiere Is provided a dielectric material including a com- 
plex oxide having a perovskite crystal structure and having a fbnnula Ba(Qt^YpZY)06). wherein O is an Oxygen. 0 is a 
metal, Y is a metal and Z is a metal; the dielectric material also optionally including ApTaOq, wherein A is an element 
selected from a group consisting of K, U and Na. 

In a second aspect of the present invention, there is provided a dielectric resonator, including a dielectric resonator 
element including compile oxide having a perovskite crystal structure and having a formula Ba(QaYpZ^)05). wherein O 
is an Oxygen. Q Is a metal. Y is a metal and Z is a metal; tfie dielectric material also optionally Including ApTaOq, 
wherein A is an element selected from a group consisting of K. U and Na; a metal casing enclosing the dielectric reso- 
nator element; and an insulating holder member attached to the dielectric resonator with a heat-resistive adhesive layer. 
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In a third aspect of the present invention, there is provided a dielectric material including a complex oxide having a 
perovsl«te crystal structure, wherein metallic elements are selected from a group consisting of Ba, Zn, Ta. and K. 

In a fourth aspect of the present invention, there is provided a dielectric material including a complex oxide having 
a perovsidte crystal structure, wherein metallic elements are seized from a group consisting of Ba, Zn, Ta. and K; and 
5 wherein at least either of the Zn or the Ta are at least partly replaced by at least one element selected from the group 
consisting of Mg. Ca. Sr. La. B. Al, Ga. Tl, Zr, Hf. V, Nb, Si. Sn, Sb. Mn. Fe, Co. W. and Ni. 

In a fifth aspect of the present invention, there is provided a dielectric material including between 80.0 and 99.9 
mol% Ba(Zni/3Ta2A3)03 and between 0.1 and 20.0 mol% KpTaOq, wherein p is between 0.60 and 2.00. 

In a sixth aspect of the present invention, there is provided a method of producing a dielectric material, wherein the 
10 dielectric material includes a complex oxide having a perovskite crystal structure, wherein metallic elements of the corn- 
plex oxide are selected from a group consisting of Ba. Zn, Ta. and K as metallic elements, wherein the method includes 
the steps of mixing a t^arium compound, a zinc compound, a tantalum compound and a potassium compound to pro- 
duce a mixture, wherein each of the compounds is either an oxide or a compound changing into an oxide upon heating; 
compacting the mixture to produce a compact; sintering the compact at a sintering temperature of between 1 .300 and 
IS 1 ,650*0; and heat-treating the compact at a tenperature lower than the sintering temperature by from 50 to 250*C in 
an oxidizing atmosphere for at least 12 hours. 

In a seventh aspect of the present invention, there is provided a method of producing a dielectric merterial Including 
a complex oxide having a metallic element selected from a group consisting of Ba. Zn. Ta. and K and having a per- 
ovskite crystal structure, wherein at least either of the Zn or the Ta is at least partly replaced by at least one element 
20 selected from tiie group consisting of Mg. Ca. Sr. La. B. Al, Ga. Ti, Zr, Hf. V, Nb. Si. Sn, Sb. Mn. Fe, Co. W. and Ni; 
wherein the method includes the steps of mixing a barium compound, a zinc compound, a tantalum compound, a potas- 
sium compound and a compound of the at least one element that is either an oxide or a compound changing into an 
oxide upon heating to create a mixture; compacting the mixture to form a conrpact; sintering the compact at a sintering 
temperature of between 1 ,300 and 1 ,650*»C; and heat-treating the compact at a temperature lower than the sintering 
25 temperature by from 50 to 250^*0 in an oxidizing atmosphere for at least 1 2 hours. 

It is to be understood that both the foregoing general description and the following detailed description are exem- 
plary and explanatory and are intended to provide further explanation of the invention as claimed. 

Additional features and advantages of the present invention will be set forth in the description which follows, and 
will be apparent from the description, or may be learned by practice of the invention. The objectives and other advan- 
30 tages of tiie invention will be realized and attained by the structure and process partksularty pointed out in the written 
desaiption as well as in the appended daims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 The accompanying drawings, which are included to provide a further understanding of the inventbn and are incor- 
porated in and constitute a part of this specification, illustrate embodiments of the invention that together with the 
description serve to explain the principles of the invention. 
In the drawings: 

40 FiQ. 1 illustrates the con-elation between p in KpTaOq and Quxfo as detemrtined by Resonant Cavity Method; 
Fig. 2 illustrates the correlation between p in KpTaOq and Xf; 

Fig. 3 is a chart illustrating a comparison in X-ray diffraction patterns between dielectric material obtained in Exper- 
imental Example 1 and a dielectric material obtained in Experimental Example 10; and 
Fig. 4 illustrates a dielectric resonator utilizing the dielecti'ic material of the present invention. 

45 

DETAILED DESCRIPTION OF THE PR EFERRED EMBODIMENTS 

Reference will now be made in detail to the preferred embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings. 
so In a first embodiment of tiie present invention, the dielectric nnaterial of the present invention includes complex 
oxides containing Ba. Zn, Ta. and K as metalOc elements and having a perovskite crystal structure. 

In a second emljodiment of the present invention the dielectric material of tiie present invention includes complex 
oxides containing Ba, Zn, Ta, and K as metallic elements and having a perovskite crystal structure, wherein either Zn 
or Ta are partiy or entirely replaced by at least one element selected from the group consisting of Mg, Ca. Sr. La. B. Al. 
55 Ga. Tl. Zr. Hf. V. Nb. Si. Sn, Sb. Mn. Fe. Co. W, and Ni. 

in a third embodiment of the present invention tiiere is provided a dielectric material including from 80.0 to 99.9 
mol% Ba(Zniy3Ta2Aj)03 and from 0.1 to 20.0 mol% KpTaOq (wherein 0.60<p<2.00). 

In a fburtti embodiment of the present invention tiie dielectric material of tiie previous embodiment in which the pro- 
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portion of KpTaOq and the value of p are specified. In the dielectric materials of these two embodiments, at least either 
of the Zn and the Ta may have been partly or wholly replaced by at least one element selected from the group consisting 
of Mg, Ca, Sr, La. B. Al, Ga, Ti, Zr. Hf, V, Nb, Si. Sn, Sb. Mn. Fe. Co. W. and Ni. In this dielectric material, at least one 
element is preferably selected from the group consisting of Mg. Zr, Ga. Ni, Nb, and Sn. 

Ba(Zniy3Ta2/3)03 is an oxide having a perovsWte crystal structure. KpTaOq also may be an oxide having a per- 
ovskite crystal structure. Although the Ba in the dielectric materials described above may be partly replaced by the K. 
the results of analysis of these dielectric materials by X-ray diffractometry revealed that they have no crystal structure 
other than perovskite. It Is presumed that the dielectric materials of the present invention has the same perovskite crys- 
tal structure as Ba(Zniy3Ta2/3)03. 

In a fifth emtxxiiment of the present invention there is provided a dielectric material described above wherein the 
element replacing either Zn or Ta is an element preferably selected from the group consisting of Mg. Zr, Ga. Ni. Nb, and 
Sn. These elements are advantageous in that Zn or Ta can be easily replaced, and a material having an intact per- 
ovskite crystal structure and excellent dielectric characteristics can be easily fabricated. Note also that the elements 
replacing Zn or Ta are not limited to those listed above. For example, Zn or Ta may be replaced by a rare earth element, 
such as. for example, Y. Uke the dielectric materials in which Ba has been replaced by K, such dielectric materials with 
Zn or Ta replaced by another element have a perovskite crystal structure and. as X-ray diffractometry results show, 
have no other crystal phase. 

In a sixth embodiment of the present invention, the K of KpTaOq is thought to be located in the position of the Ba of 
Ba{Zni/3Ta2/3)03, while the Ta is thought to be located in the position of the Zn or Ta of Ba(Zniy3Ta2/3)03. ft is presumed 
that the dielectric material has a perovskite crystal structure consisting of Ba{Zni/3Ta2/3)03 containing KpTaOq of a per- 
ovskite structure. These dielectric materials can be obtained by a process where starting materials for Ba(Zniy3Ta2/3)03 
are mixed with each other, together with a given amount of a potassium oxide or a potassium compound that changes 
into an oxide upon heating (for example. cartx>nate and oxalate), and the mixture is compacted, sintered, and then heat- 
treated. 

If the value of p in KpTaOq is below 0.60. Q^xfo decreases considerately, sometimes to b^ow 20.000 GHz, although 
Er and T| are almost satisfactory In addition, such a small value of p tends to result in increased volatilization of potas- 
sium ions during sintering, yielding a sinter having a porous surface layer, which causes a decrease in Quxfo. On the 
other hand, if p exceeds 2.00. an excess of potassium is present, and there are cases where a potassium-containing 
crystal phase of a structure other than perovskite generates. The presence of this phase reduces QuXfo. An optimum 
value of p varies depending on the composition, and in the case of selecting BZT as a base conrposition, the value of 
p is preferably from 1.10 to 1.90, more preferably from 1 .20 to 1.80. When p is within this range, a cfielectric material 
having exceedingly high dielectric characteristics can be obtained having Q^pdo of 50.000 GHZ or even 80.000 GHZ or 
above, and having an absolute value of Xf of 10 ppm/**C or even 1 ppm/**C or smaller, depending on the composition. 

In the Resonant Cavity Method, one alternative method is to place the dielectrk: resonator (DR) exactly at the 
center of a cylindrical cavity with the same aspect ratio (D/L) as that of DR material as shown in Fig. 3a of H. Sreemool- 
andhan and M.T. Sebastian, "Dielectric Ceramic Materials for Miaowave Resonator Applications", Metals Materials 
And Processes. 1 995, Vol. 7, No.4. pp. 251 -266. A low loss material such as quartz (single crystal) may be used to sup- 
port the DR. Two coupling loops are used to couple microwave to DRs which are symmetrically mounted. 

If the proportion of KpTaOq is smaller than 0.1 mol% in the case of selecting BZT as a base composition, the die- 
lectric material is unsatisfactory in that Quxfo, as determined by the Resonant Cavity Method is small, i.e. t>elow 20,000 
GHZ. In addition, sintering properties may be reduced because of the reduced amount of the potassium compound (for 
exanrpie, cariaonate and oxalate) incorporated as a starting material. On the other hand, if the proportion of KpTaOq 
exceeds 20 mol%, the value of Quxfo decreases. The proportion of KpTaOq is preferably from 0.2 to 1 0 mol%, and more 
preferably from 0.5 to 10 mol%. When the proportion of KpTaOq is within this range, a dielectric material having excel- 
lent dielectric characteristics can be ot>tained, which has a high €p an absolute xj value of 10 ppm/"C or even 5 ppm/^C 
or less, and a Qyxfo of 40.000 GHZ or larger. Furthermore, even when the proportion of KpTaOq is as small as between 
approximately 2.0 and 3.0 mol%. a dielectric material having exceedingly high dielectric characteristics can be obtained 
as long as p is 1 .20 or larger. As shown in the working examples mentioned below, it is confirmed that the dielectric 
materials of the present invention show excellent sintering properties and dielectric characteristics due to the addition 
of KpTaOq. while the optimum addition amount and p value are different slightly depending on the base composition. 

In the seventh embodiment of the present invention there is provided a method of producing the dielectric material 
of the present invention that includes using complex oxides containing Ba. Zn. Ta. and K as metallic elements and hav- 
ing a perovskite crystal structure. This method includes mixing a barium compound, a zinc compound, a tantalum com- 
pound, and a potassium compound wherein each compourxi is either an oxide or a compound changing into an oxide 
upon heating (for example, carbonate); subsequently compacting the resultant mixture: sintering the compact at 1,300 
to 1 .SSO^'C;, and then heat-treating the sintered conrpact at a temperature lower than the sintering temperature by from 
50 to 250''C in an oxidizing atmosphere for 12 hours or longer. 

In an eighth embodiment of the present invention, there is provided a method of the present invention is a process 
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for producing a dielectric material that includes complex oxides containing Ba. 2n, Ta. and K as metallic elements and 
having a perovskfte crystal structure in which either Zn or Ta has been partly or whdiy rqalaced by at least one element 
selected from the group consisting of Mg. Ca. Sr. La. B. Al, Ga, Ti. Zr. Hf. V. Mb. Si. Sn, Sb. Mn. Fe. Co. W. and Ni. This 
method Includes mixing a barium compound, a zinc compound, a tantalum compound, a potassium compourxl, and a 

5 compound of at least one elenent where each is either an oxide or a compound changing into an oxide upon heating 
(ag., cart>onate). subsequently compacting the resultant mixture, sintering the compact at 1.300 to 1.650**C. and then 
heat-treating the sintered compact at a temperature lower than the sintering temperature by from 50 to 250'C in an oxi- 
dizing atmosphere for 12 hours or longer. 

If the sintering is conducted at a temperature lower than 1 ,300**C. a sufficiently densified sinter cannot be obtained, 

10 „ resulting in an Insufficient improvement in Qy. If the sintering is conducted at a temperature exceeding 1 .650*0. the vol- 
atilization of potassium ions becomes more severe, tending to result in a sinter having a porous surface layer and an 
insufficient improvement in Qu- The sintering temperature is therefore preferably from 1 ,350 to 1 ,600*C, more preferably 
from 1.400 to 1.600'C. 

For densification. the sintering temperature is preferably 1.500'C or higher, more preferably 1,550'C or higher. 

15 Although sintering temperatures less than 1 ,600*C are effective In reducing the volatilization off potassium ions, temper- 
atures lower than 1 .600*0 by at least 5*0, and preferably at least 1 0**C. are more effective. By sintering at a temperature 
in the range specified above, densification proceeds sufficiently, and volatilization of potassium ions is reduced to a low 
level. Thus, a dielectric material having excellent performance can be obtained. Although the period of sintering is not 
particularly limited, it is preferably between 1 and 4 hours, nnore preferably about 2 hours. The. atmosphere for the sin- 

20 tering may be an oxidizing atmosphere, for example, air. or a reducing atmosphere containing hydrogen. 

If the heat treatment is conducted at a relatively high temperature that is lower than the sintering temperature by 
less than 50°C, coarse grains are likely to generate because of enhanced grain growth, and an inhomogeneous mate- 
rial is likely to result. If the heat treatment is conducted at a relatively low temperature (lower than the sintering temper- 
ature by more than 250*O). the dielectric material does not acquire a long-period superlattice crystal structure, resulting 

25 in an insufficient improvement in 0^. The temperature for the heat treatment is preferably 70 to 200*0 lower than the 
sintering temperature, but more preferably 70 to 150*0 lower and further preferably still by from 80 to 150*0 lower. By 
conducting the heat treatment at a temperature lower than the sintering temperature by. for example, about 100*0. a 
dielectric material having a superlattice structure can be easily obtained. 

The heat treatment is conducted in an oxidizing atmosphere. For example, air can be used as an atmosphere. Use 

30 of air as the atmosphere for the heat treatment is preferred because it requires neither a special procedure nor any spe- 
cial equpment. However, an oxidizing atmosphere in which the partial pressure of oxygen is higher than that in the air 
is prefen-ed from the standpoint of dielectric properties, because use of this atmosphere yields a dielectric material with 
a better Qy- If the heat treatment is conducted for a period less than 12 hours, it is impossible to convert a large prc^or- 
tion of the crystal structure into a superlattice structure, resulting in an insufficient improvement in Q^. In order to have 

35 sufficient conversion into a superiattice structure, the period of the heat treatment is preferably 15 hours or longer, more 
preferably 18 hours or longer. A heat treatment period of 24 hours is sufficient. Although an even longer period, such 
as, for example, 48 hours may be used, such long-term heat treatment is only minimally effective from the standpoint 
of performance inprovement. 

The reasons why the replacement of Ba by K in complex oxides having perovskite crystal structure represented by 

40 a BZT dielectric material results in an improvement in the Qu of the material are not yet dear. One possible explanation 
is that the BZT dielectric material, having a perovskite aystal structure, forms a solid solution with KpTaOq which also 
has a perovskite crystal structure, whereby the BZT dielectric material acquires a longer-period superlattice crystal 
structure and hence a high 0^. Another possible explanation is that where KpTaOq having an in-egular conposition 
exists in the crystal structure, holes also are regularly located to form a superlattice structure, and the holes facilitate 

45 the movement of ions and atoms during sintering, accelerating densification. Due to this densification-accelerating 
effect, densification can be easily accomplished in producing BZT materials which have until now been produced 
through long-term sintering, or sintering by ultrahigh-rate heating, from substances having poor suitability for sintering. 

In the ninth embodiment of the present invention, there is provided a dielectric resonator as shown in Rg. 4 includ- 
ing the dielectric material of the present invention. The resonator body 1 of a circular or rectangular shape in cross see- 
so tion is bonded to one end of holding member 2 by means off, for example, an epoxy resin type adhesive. The intergrated 
resonator kxxiy 1 and holding mender 2 are contained in the inside of metal cantainer 4 of a cylindrical shape the both 
end surface of which are sealed up. One end of the holding member 2 is f ixed and bonded to the center of the tx)ttom 
surface 4a of the metal container 4 by means of PTTF 

The present invention will t>e further explained by reference to Experimental Examples, altiiough the invention 

55 Should not be construed as being limited thereto. 
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EXPERIMENTAL EXAMPLES 1 TO 48 

(1 ) Production of Dielectric Material 

5 Commercial BaCOs, ZnO (or any of the other axides discussed below), TaaOs, and K2CO3 powders were mixed in 

various proportions, creating the compositions shown in TaWes 1. 2. 3 and 4 under Experimental Examples 1 to 48. 
Each resultant composition was placed in a ball mill, and ethanol was then added thereto to conduct wet milling. In 
Tables 1 to 4. the proportions of all the ingredients are given in terms of oxide amounts. In place of ZnO and Ta205. (1) 
MgO was incorporated in Experimental Examples 13, 27 and 36-39; (2) ZrOa was incorporated in Experimental Exam- 

10 pies 14, 32 and 33 in addition to ZnO; (3) Sn02 was incorporated in Experimental Example 15; (4) NiO was incorpo- 
rated in Experimental Exanples 28 and 29, (5) Ga203 was incorporated in Experimental Examples 30 and 31; (6) 
Nb205 was incorporated in Experimental Examples 34 and 35; and (7) MgO and Sn02 were incorporated in Experi- 
mental Examples 40-48. In Experimental Examples 1 1 and 12, NaaCQs arxj Li2C03, respectively, were used in place 

of K2CO3. 

75 The slurries obtained by wet milting were dried and then calcined at 1 J OO^C for 2 hours. A wax binder, a mixing/dis- 
persing agent including a polycarboxylic acid and an amine, and ethanol were added to each resultant calcined powder. 
The mixtures were pulverized and homogenized with a ball mill. Subsequently, the slurries obtained were dried, granu- 
lated, and then compacted at a pressure of 1 GPa into a cylindrical form having a diameter of 23 mm and a thickness 
of 12 mm. The cylincfrical compacts were subjected to cold isostatic pressing (CIP) at a pressure of 15 GPa, and then 

20 sintered for 2 hours in an air atmosphere at 1 .600^0 in Experimental Examples 24 and 27 to 48, at 1,650*C in Experi- 
mental Example 25, at 1,700**C in Experimental Example 26, and at 1,550''C in other Experimental Examples. Subse- 
quently, the temperatures of the sintered compacts were lowered to 1 .450*^0. at which the sintered compacts were heat- 
treated for 24 hours. 

25 (2) Evaluation of Dielectric Characteristics 

The dielectric materials thus obtained were sut)jected to surface grinding or mirror polishing with a resin-bonded 
grindstone having a grain size of 200. The ground dielectric materials were examined for e^, 0^. and Xf by the Hakki and 
Coleman method (See Denesh C. Dube. Rudolf Zurmuhien, Andrew Bell and Nava Setter. ^'Dielectric Measurements 

30 on High-Q Ceranrucs in the Microwave Region" J.Am.Ceram.Soc. 80[5J 1095-1 100) (TEqh mode) or Resonant Cavity 
Method (TE016 mode) at a frequency of 3 to 6 GHZ (tentperature range: aS-SO'^C). The results obtained are shown in 
Tables 5, 6, 7 and 8. In these Tables, the results concerning dielectric loss properties are given in terms of QuXfQ. Since 
fo varies slightly with the measurement for determining Q^, the product of and fo is used for a more precise expres- 
sion of dielectric loss. In Tables 1 to 8. the "A* in ApTaOq represents an alkali metal, i.e. K. Na. or Li. In Tables 5. 6, 7 

35 and 8. grinding refers to surtece grinding and polishing refers to mtnror polishing. 

In the Hakki and Coleman method, the dielectric specimen is short-circuited (touched) by two conducting plates on 
both sides. Two small antennas are positioned in the vicinity of the specimen to couple power in and out of the resona- 
tor. 

The results are given in Tables 5 to 8. The dielectric material obtained in Experimental Example 2, where the pro- 

40 portion of KpTaOq was as small as 0.25 mot% (although p was 1 .00), had an exceedingly small absolute value of Xf and 
a somewhat small QuXfo value of about 30.000 GHZ. However, this dielectric material is a great improvement in both 
QuXfo arxi Xf as compared to the potassium-free dielectric material obtained in Experimental Example 1. The dielectric 
materials obtained in Experimental Examples 3. 4, 8 to 10. 13 to 16, 21 to 35, 37-39 and 41-48, where p was between 
1 .00 and 1 . 70 and the proportion of KpTaOq was 0.5 mol% or larger, had excellent dielectric characteristics with a QuX^ 

45 of from 37,700 to 1 43.700 GHZ, except for the dielectric material obtained in Experimental Example 26 through sinter- 
ing at 1 ,700'*C. In particular, in case of selecting BZT as a base composition, the dielectric materials obtained in Exper- 
imental Examples 9. 10. 14-16. 24-26 and 28-35, where p was between 1.25 to 1.70. had even higher cfielectric 
characteristics, with a Oyxfo ranging from 71.100 to 1 12.600 GHZ. 

On the other hand, the dielectric materials obtained in Experimental Examples 1, 36 and 40. which contained no 

so potassium, had considerably worse dielectric characteristics, with an exceedingly small OyXfo value, compared to the 
system having the same t)ase material and containing potassium. That is. as is dear from the composition between 
Experimental Examples 1 and 24. Experimental Examples 36 and 27, and Experimental Exanples 40 and 47. the val- 
ues of Ouxfo in the system where potassium was added were inproved regardless of the base composition, while the 
optimum addition amount and p value were slightly cfifferent depending on the base composition. The dielectric material 

55 obtained in Experimental Example 5. where p was 0.50. had insufficient performance with a value of QuXfo in the TE01 5 
mode (note that hereinafter all values of Quxfo were determined in the TE016 mode) of 1 4,300 GHZ. although the abso- 
lute values of Xf were small. The dielectric material obtained in Experimental Example 1 7. where p was 2.00, had an 
exceedingly small Qu>cfo value of less than 5,000 GHZ and a relatively low Cp although the absolute value of Xf was very 
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small. The dielectric material obtained in Experimental Example 18, where p was 3.00. could not be tested for cfielectric 
characteristics because its resonance was weak. The dielectric materials obtained in Experimental Examples 19 and 
20. where p was 4.00 to 5.00, respectively, developed cracks during sintering and hence had no measured character- 

. istics. 

5 The dielectric characteristics of the dielectric materials obtained in Experimental Examples 9 and 24 to 26. which 
had been obtainai from the same composition through sintering at different temperatures, were as follows. The dielec- 
tric material of Experimental Example 24. which had been obtained through sintering at 1.600*»C. had the largest value 
of Oyxfo. which was higher than 100.000 GHZ. The dielectric material of Experimental Example 9. which had been 
obtained through sintering at 1 ,550*»C. also had a high QuXfo that exceeded 90,000 GHZ. On the other hand, the die- 

10 lectric material of Experimental Example 26. which had been d3tained through sintering at a relatively high temperature 
of 1 .700*0. had a drawt>ack in that the sinter had suffered surface melting. Furthernx)re, the dielectric material of 
Experimental Example 25, which had been obtained through sintering at 1 .SSO^G. had a drawback in that the surface 
of the sinter had developed minute cracks probably due to the volatilization of potassium, although the dielectric mate- 
rial tad a high QuXfQ. These results indicate that the preferred range of the sintering temperature is from 1 .550 to 

15 1.6<WC. 

The results given in Tables 5 to 8 further show that by replacing Zn or Ta either in part or entirely with any of the 
ottier elements specified above, Xf can be regulated to a desired value to some degree while still maintaining a high 
Oyxfo. as in the dielectric materials obtained in Experimental Exanples 14. 28 to 35 and 41-45. Specifically, by replac- 
ing part of Zn and Ta by Zr (Experimental Examples 1 4. 32. and 33) or replacing part of Ta by Mb (Experimental Exam- 

20 pies 34 and 35). Xf can be shifted to the positive side by values oonresponding to the replacement amounts. By replacing 
part of Zn by Ni (Experimental Examples 28 and 29) or replacing part of Zn and Ta with Ga (Experimental Examples 30 
and 31 ). xt can be sNfted to the negative side by values corresponding to the replacement amounts. Further, x, can be 
controlled l>y adjusttng the rabo Mg, Sn and Ta as in Experimental Examples 27 and 41-45. 

It is also possible to regulate f , to a desired value to some degree wNle maintaining a high Quxfo by replacing either 

25 Zn or Ta entirely with any of the orher elements enumerated above, as in the dielectric materials obtained in Experimen- 
tal Exanples 13. 27. 37-39 and 41-48. Specifically, the results for Experimental Examples 13, 27 and 37-39 show that 
can be shifted by entirely replaang Zn with Mg. By replacing entire of Zn and part of Ta by Mg and Sn (Experimental 
Exanples 41-48). can be shifted. In the present invention, part of Zn and Ta may be replaced by an element having 
a different valence, for example. Zr or Ga. With this replacement, a dielectric material having excellent perfbnmance can 

30 also be obtained. 

The dielectric materials obtained in Experimental Examples 11 and 12 had an exceedingly low QuXfo- In these 
experiments another alkali metal, i.e.. Na or Li. was used in place of K as the element replacing Ba. Each of these die- 
lectric materials had a p of 1 .44 and the proportion of ApTaOq was 2.50 mol%, which was in the preferred range. Thus, 
only K produces the desired effect, and using Na or U. which are also alkali metals, produces no effect. With respect to 
35 the influence of surface finishing, such as surfece grinding or mirror polishing, the test pieces which had undergone mir- 
ror polishing seemed to have slightly larger values of Qipcfo. with some exceptions. 

(3) Correlation between p and Ot^fo or Xf 

40 Fig. 1 shows the correlation between p and QuXfo in the dielectric materials shown in Tables 5 and 6, where the 
base composition was Ba(Zni/3Ta2/3)03, p was in tine range of between 0.50 and 2.00, and the proportion of KpTaOq 
was 2.50. These represent the dielectric materials obtained in Experimental Examples 5 to 10, 1 6, and 1 7. The corre- 
lation between p and Xf in these dielectric materials is shown in Rg. 2. As shown in Rg. 1. Qyxfo reached a maximum 
when p was around 1.20 to 1.40, and Qyxfo decreased abruptly as p decreased to below 1.00 or increased beyond 

45 1 .70. As shown in Rg. 2, when p was in the range of between 1 .20 and 1 .70. Xf was very satisfactory, with its absolute 
value below 1 .0. Although the absolute value of Xf increased with reducing p. it was still a very small value even when p 
was 2.00. As in Experimental Examples 13. 27. 37 and 38. in tiie case when KpTaOq was added to the base material 
other than BZT. Quxfo varied depending on the value off p and had a maximum value when p was from 1 to 2, while the 
optirnum value of p is different from tiiat of BZT base, material. 

so 

(4) Comparison in X ray Diffraction Pattern between a Dielectric Material Containing Kin place ofBa and a Dielectric 
Material not Containing K 

Rg. 3 shows a comparison in X-ray diffraction patterns between the dielectric material obtained in Experimental 
55 Exanple 1 . which did not contain K. and the dielectric material obtained in Experimental Example 10. where p was 1 .44 
and the proportion of KpTaOq was 2.50 moI%. Rg. 3 shows that no crystal phase ottier ttian perovskite was formed even 
in the dielectric material of Experimental Example 10. where Ba had been partly replaced by K, altiiough the peaks in 
the diffraction pattern shifted slightiy due to the formation of a solid solution containing KpTaOq. 
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(5) Measurement of Density and Degree of Shrink^ 

t 

The dielectric materials detained by the method described above were examined for density and the degree of 
shrinkage by the following methods. 

5 

(i) Density: Archimedes* method 

(ii) Degree of shrinkage: {[(outer diameter of compact before CIP)-(outer diameter of sinter)]/(outer diameter of 
compact before CIP)}x100(%) 

10 The results obtained are given in Tables 9. 10 and 11 and show the following. The dielectric materials did not 
greatly differ in density, except for the dielectric material otstained in Experimental Example 18. which could not be 
tested for dielectric characteristics because o1 its weak resonance and the dielectric material obtained in Experimental 
Exanple 40 where potassium was not added. With respect to the degree of shrinkage, the potassium-free dielectric 
material obtained in Experimental Example 1 had a rather small value. This is because the BZT material was difficult to 

15 sinter. The material also was difficult to sufficiently densify by an ordinary sintering technique without using a sintering 
aid. The dielectric material obtained in Experimental Example 13. 27 and 36-46. where Zn had been replaced by Mg, 
had a high degree of shrinkage because the MgO used as a starting material was a fine and bulky powder. The dielec- 
tric materials obtained in the Experimental Examples other than Experimental Examples 1, 13, 27 and 36-48 did not 
greatly differ in their degree of shrirtoge. In these dielectric materials, the degree of shrinkage seemed to have no cor- 

20 relatfon with QuXfg. 

In the dielectric materials obtained in Experimental Examples 9 and 24 to 26 from the same composition through 
sintering at different temperatures, higher sintering temperatures resulted in lower densities. This is because as the sin- 
tering temperature increases, potassium becomes more volatile and, as a result a porous layer is likely to form on the 
periphery of the sinter. The decrease in density with increasing sintering temperature may also be attributable to the 
25 inhibition of densification due to the growth of crystal grains. These measurement results also support the preferred sin- 
tering temperature range of between 1 .550 and 1 .SOO^'C. similar to using method (2) above. 

(6) Analysis for Potassium Content 

30 The dielectric materials obtained in Experimental Examples 8 and 23 were analyzed for elemental composition by 
ICP spectrometry. The results obtained are shown in Table 12. where each theoretical value is the same as the propor- 
tion of the ingredient actually mixed. Each number given in parentheses under "K" represents the proportion of volatil- 
ized potassium. 

From the results given in Table 12, including the measured values of potassium content, and from the results of 
35 measurement of dielectric characteristics, it is presumed that in a compact containing potassium in an amount (p>1 .00) 
larger than the stoichiometric amount, the excess potassium volatilizes in the sintering step to almost stoichiometrically 
yield KTaOs {p=1.00). and the dielectric material thus obtained has an especially high Qu><fo. 

(7) An Example of Dielectric Resonator Prepared by Using Dielectric Material of ttie Invention 

40 

Fig. 4 illustrates an example of a dielectric resonator providing resonator body 1 comprising the dielectric material 
of the present invention. The resonator body 1 is bonded to one end of holding member 2 by means o1, for example, an 
epoxy resin type adhesive. The intergrated resonator body 1 and holding member 2 are contained in the inside of metal 
cantainer 4 of a cylindrical shape the both end suriace of which are sealed up. One end of the holding member 2 is fixed 

45 and bonded to the center of the bottom surface 4a of the metal container 4 by means of PTTF. 

As demonstrated at>ove, the dielectric materials of present invention have a specific crystal structure, a relatively 
high a small absolute value of Xf. arKi a large value of QtP<fo> The processes for production of these dielectric material 
is easy and uses no unusual complex or industrially disadvsuttageous sinterirtg technic^es, such as long-term sintering 
or sintering by ultrahigh-rate heating. 

50 While the invention has been described in detail and with reference to specific embodiments thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. Thus, it is intended that the present inventfon cover the modifications arvd variations of this 
invention provided they come within the scope of the appended clavns and their equivalents. 
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Table 1 



10 



Experimental 

CACUII|>/IC 


. Base Composition (wt%) 


ApTaOq Ingredient (wt%) 




BaO* 


ZnO 


MgO 


Zr02 


SnOa 


TagOs 


K2O* 


NagO* 




TagOs 


1 


46.78 


8.28 








44.94 












46.68 


8.26 








44.85 


0-04 


_ 




0.17 


3 


46.59 


8.24 


- 


- 


- 


44.76 


0,07 


- 


- 


0.34 


4 


46.21 


8.17 








44.39 


0.22 






1.01 


5 


45.90 


8-12 








44.10 


0.18 






1.70 


6 


45,87 


8.12 








44.07 


0.25 






1.69 


7 


45.85 


8.11 








44.04 


0.31 






1.69 


8 


45.82 


8.11 








44.02 


0.36 






1.69 


9 


45.78 


8.10 








43.98 


0,45 






1.69 


10 


45.75 


8.09 








43.95 


0-52 






1.69 


11 


45.83 


8.12 








44.02 




0.34 




1.69 


12 


45.91 


8.12 








44.11 






0.17 


1.69 



■^-Carbonic acid salt was used as starting material. 



Experimental 
Example 


Base Composition (wt%) 


ApTaOq Ingredient (wt%) 




BaO* 


ZnO 


MgO 




SnOg 


TaaOs 


K2O* 


NagO* 


U2O* 


Ta205 


13 


47.70 




4.18 






45.82 


0.54 






1.76 


14 


46.11 


7.59 




2.22 




41.86 


0.52 






1.70 


15 


45.98 


7.32 






4.07 


40.41 


0.52 






1.70 


16 


45.70 


8.09 








43.91 


0.61 






1.69 


17 


45.66 


8.08 








43.86 


0.72 






1.68 


18 


45.49 


8.05 








43.70 


1.08 






1.68 


19 


45.33 


8.02 








43.55 


1.43 






1.67 


20 


45.17 


7.99 








43.39 


1.78 






1.67 


21 


44.85 


7.93 








43.09 


0.73 






3.40 


22 


43.87 


7.76 








42.15 


1.09 






5.13 


23 


42.88 


7.59 








41.20 


1.46 






6.87 



*Cartx>nic add salt was used as starting material. 
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Table 4 



20 



Experimental 


. Base Composition (wt%) 


ApTaOq Ingredient (wt%). 




BaO* 


ZnO 


MgO 


ZrOg 


Sn02 


TasOg 


K2O*; 


NagO* 


U2O* 


TagOs 


36 

WW 


48.82 




4.28 






46.90 












47-77 




4.18 






45.90 


0.38 


_ 


_ 


1.77 


38 


46.72 




4.09 






44.89 


0.76 






3.54 




46.63 


- 


4.09 




- 


44.80 


0.94 


- 


- 


3.54 




49.06 




3.65 




7.23 


40.06 










41 


47.84 




3.98 




2.35 


43.65 


0.46 






1.72 


42 


47.91 




3.78 




4.70 


41.42 


0.46 






1.73 


43 


47,98 




3.57 




7.08 


39.18 


0.46 






1.73 


44 


48.06 




3.37 




9.45 


36.93 


0.46 






1.73 


45 


48.13 




3.16 




11.84 


34.68 


0.46 






1.73 


46 


48.62 




3.62 




7.17 


39.70 


0.19 






0.70 


47 


46.95 




3.50 




6.93 


38.34 


0.90 






3.38 


48 


44.63 




3.32 




6.58 


36.43 


1.90 






7.14 



'Cartxmic acid salt was used as starting material. 
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Tables 



Experimental 
Example 


Base Composition (wt%) 


ApTaOq Ingredient 


Density (g/cm^) 


Degree of 
shrinkage (%) 






Value 

wi p 


A 


Proportion 






1 


Ba(Zni/3Ta2/3)03 






ft on 


7.33 


14.8 


2 


Ba(2n-,/3Ta2/3)03 


1 nn 


i\ 


ft 


7.74 


17.1 


3 


Ba(Zniy3Ta2/3)03 


1 nn 


u 
r\ 




7.76 


19.5 


4 


Ba(Zniy3Ta2a)03 


1 nn 


rv 


1 sn 


7.67 


18.8 


5 


Ba(2niy3Ta2/3)03 




rv 


9 sn 


7.77 


18.9 


6 


Ba(Zniy3Ta2/3)03 


o 7n 


K 
r\ 


9 sn 


7.78 


18.9 


7 


Ba(Zniy3Ta2/3)03 


n AS 


rv 




7.79 


19.5 


8 


Ba{Zni/3Ta2/3)03 


1 nn 


K 
r\ 


p '^n 


7.79 


19.1 


9 


Ba{Zni/3Ta2/3)03 


1.25 


K 


2.50 


7.78 


18.7 


10 


Ba(Zniy3Ta2A3)03 


1.44 


K 


2.50 


7.75 


18.4 


1 1 


o^yz.n-\ /3 1 &2/3) ^3 


1.44 


Na 


2.50 


7 AQ 

t .Us 


1ft A 


12 


Ba(Zni/3Ta2^03 


1.44 


U 


2.50 


7.65 


18.2 


13 


Ba(Mgi/3Ta2/3)03 


1.44 


K 


2.50 


7.44 


22.0 


14 


Ba(Zro.o62no.3iTao.63)03 


1.44 


K 


2.50 


7.64 


17.9 


15 


Ba(Sno.o9Zno.3oTao.6i )03 


1.44 


K 


2.50 


7.65 


18.0 


16 


Ba(Zni/3Ta2/3)03 


1.70 


K 


2.50 


7.72 


18,5 


17 


Ba(Zni/3Ta2/3)03 


2.00 


K 


2.50 


7.28 


17.1 


18 


Ba(2ni/3Ta2/3)03 


3.00 


K 


2.50 


7.07 


17.9 
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Table 10 



Experimental 
Example 


Base Composition (wt%) 


ApTaOq Ingredient 


Density (g/cm'*) 


Degree of 
shrinkage (%) 






Value 
of p 


A 

A 


rroportion 
(mol%) 






■ 7 


«^«V*-"1/3 ■"2/3/^3 


4.00 


K 


2.50 


cracking occurred during sintering 


on 




5.00 


K 


2.50 


cracking occurred during sintering 


£ 1 




1.00 


K 


5.00 


7.67 


20.1 


op 




1.00 


K 


7.50 


7.48 


18.7 






1.00 


K 


10.0 


7.37 


19.1 




DaV^n/3 '^2/3y*-'3 


1.25 


K 


2.50 


7.68 


18.1 




o»^"'1/3 • ^2/3^^3 


1.25 


K 


2.50 


7.60 


17.8 






1.25 


K 


2.50 


7.56 


4:4: 




Ra^Mn« <nTao«^Oo 


1.25 


K 


2.50 


7.37 


23.7 


28 


Ba(Nio.o3Zno.3o"rao-67)03 


1.25 


K 


2.50 


7.63 


17.7 


29 


Ba(Nio.o8Zno.25Tao,67)03 


1.25 


K 


2.50 


7.60 


17.5 


30 


Ba(Gao.oi2no.33Tao.66)03 


1.25 


K 


2.50 


7.52 


18.0 


31 


Ba(Gao.o3Zno.32Tao,65)03 


1.25 


K 


2.50 


7.40 


17.8 


32 


Ba(Zro.o2Zno.33Tao.65)03 


1.25 


K 


2.50 


7.66 


18.1 


33 


Ba(Zro,o6Zno.3iTao.63)03 


1.25 


K 


2,50 


7.69 


18.4 


34 


Ba(Zno.33Nbo.o7'Tao.6o)03 


1.25 


K 


2.50 


7.41 


17.3 


35 


Ba(Zno33Nbo.i7Tao.5o)03 


1.25 


K 


2.50 


7.24 


17.0 



** Sinter surface melted. 
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Table 1 1 



Experimerrtai 
Example 


Base Composition (wt%) 


ApTaOq Ingredient 


Density (g/cm^ 


Degree of 
shrinkage (%) 






Value 
of p 


A 


Proportion 

fmol%) 






36 


Ba(Mgi/3Ta2/3)03 






0 


7.23 


20.7 


37 


Ba(Mgi/3Ta2/3)03 


1.00 




2.50 


7.53 


23.9 


38 


Ba(Mgiy3Ta2y3)03 


1.00 


K 


5.00 


7.43 


23.8 


39 


Ba(Mgi/3Ta2y3)03 


1.25 


K 


5.00 


7.48 


22.3 


40 


Ba(Sno 1 slvigo ge '3o.57)03 








6.95 


21.0 


41 


Dct|oiio.05'*'90.32 '*H).53/'^3 


1.25 


K 


2.50 


7 4Q 




42 


Ba(Sno ioMgo.3oTao 5o)03 


1.25 


K 


2.50 


7.49 


22.0 


43 


Ba(Sno-| sMgo.ssT^o. 57)03 


1.25 


K 


2.50 


7.41 


22.4 


44 


Ba(Sno.2oMgo .27^30. 53)03 


1.25 


K 


2.50 


7.39 


22.8 


45 


Ba(Sno.25^^9o.25"r3o.5o)03 


1.25 


K 


2.50 


7.39 


22.1 


46 


Ba{Sno.i 5^^go^8''ao.57)03 


1.25 


K 


1.00 


7.47 


22.7 


47 


Ba(Sno.i 5Mgo.28^«k) .57)03 


1.25 


K 


5,00 


7.31 


21.9 


48 


Ba(Sno. 15^90.28^30.57)03 


1.25 


K 


10.0 


7.19 


22.5 




5 



10 



15 



20 



0) 



35 



40 



45 
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o 


14.71 1 


1 


14.92. 


1 


a 

n 


<d 


37.44 


1 


39.36 


1 


npositic 


CO 


6.51 


6.22 


6.09 ! 


5.81 












ital Coi 


<a 
03 


41.04 


o 
o 


38.41 


37.70 ' 


Elemei 




0.30 


0.21(30.0) 


1.22 


1.07(12.3) 






Theoretical value 


Measured value 


Theoretical value 


Measured value 


Proportion of 
KpTaOq (inol%) 


2.50 


10.0 


Value 
of p 


1.00 


1.00 




c 




o 






Base 
compositic 




e\i 
CO 
Eh 

tT 
m 




CM 

(0 
Eh 

cT 


Experi- 
mental 
Example 


CO 


CM 
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aaims 

1. A dielectric material comprising a complex oxide having a perovskite crystal structure and having a formula 
Ba(QaY^)05}, wherein O is an Oxygen. Q is a metal, Y is a metal and Z is a metal; 

5 the dielectric material also optionally comprising ApTaOq, wherein A is an elennent selected from a group consisting 
of K, Uand Na. 

2. The dielectric material of claim 1 , wherein 5 equals 3. 

10 3. The dielectric material of claim 2. wherein a sum of oc, p and y equals 1 . 

4. The dielectric material of claim 3. wherein Y is a zinc arxi Z is a tantalum. 

5. The dielectric material of claim 4. wherein a equals 0. 

IS 

6. The dielectric material of claim 5. wherein p equals 1/3 cind y equals 2/3. 

7. The dielectric material according to one of the claims 1 to 3, wherein Q is an element selected from a group con- 
sisting of Mg, Ca. Sr. La. B. Al. Qa. Ti. Zr. Hf. V. Nb. Si. Sn. Sb, Mn. Fe. Co. W. and Ni. 

20 

8. The dielectric material according to one of the claims 1 to 3, wherein Q is an element selected from a group con- 
sisting of Mg. Zr, Ga. Ni, Nb, and Sn. 

9. The dielectric material according to one of the claims 1 to 8. wherein an amount of ApTaOq is selected to result in 
2S a concentration of between 0.1 and 20.0 mol% /VpTaOq and p is between 0.60 and 2.00. 

10. The dielectric material according to one of the claims 1 to 8. wherein an amount of /^pTaOq is selected to result in 
a concaitration off between 0.1 and 15.0 mol% ApTaOq and p is between 1 .00 and 2.00. 

30 11 . A delectric resonator, comprising: 

a dielectric resonator element comprising conrpiex oxide having perovskite crystal structure and having a for- 
mula Ba(QaYpZ^Og). wherein O is an Oxygen, Q is a metal, Y is a metal and Z is a metal; 

35 the dielectric material also optionally comprising ApTaOq. wherein A is an element selected from a group con- 

sisting of K, U and Na; 

a metal casing enclosing the dielectric resonator element; arxl 
40 an insulating holder member attached to the dielectric resonator with a heat-resistive adhesive layer. 



45 



12. 


The dielectric 


resonator of daim 


11. 


wherein 


5 equals 3. 


13. 


The dielectric 


resonator of daim 


12. 


wherein 


a sum of a. p and y equals 1 . 


14. 


The dielectric 


resonator of daim 


13. 


wherein 


Y is a zinc and Z is a tantalum. 


15. 


The dielectric 


resonator of daim 


14. 


wherein 


CL equals 0. 


16. 


The dielectric 


resonator of daim 


13, 


wherein 


p equals 1/3 and y equals 2/3. 



17. The dielectric resonator according to one of the claims 11 to 13. wherein O is an element selected from a group 
consisting of Mg. Ca. Sr. La. B. Al. Ga. TI, Zr. Hf. V. Nb. Si. Sn. Sb. Mn. Fe. Co. W. and Ni. 

55 18. The dielectric resonator according to one of the claims 1 1 to 13. wherein Q is an element selected from a group 
consisting of Mg, Zr. Qa, Ni, Nb, and Sn. 

1 9. The dielectric resonator according to one of the claims 1 1 to 1 8. wherein an amount of ApTaOq is selected to result 
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in a concentration of between 0.1 and 20.0 mol% ApTaOq and p is between 0.60 and 2.00. 

20. The dielectric resonator according to one of tfie claims 11 to 1 8, wherein an amount of ApTaOq is selected to result 
in a concentration of between 0.1 and 1 5,0 mol% ApTaOq and p is between 1 .00 and 2.00. 

5 

21- A dielectric material compriang a complex oxide having a perovskite crystal structure, wherein metallic elements 
are selected from a group consisting of Ba. Zn. Ta. and K. 

22. A dielectric material comprisng a complex oxide having a perovskite crystal structure, wherein metallic elements 
70 are selected from a group consisting of Ba. Zn. Ta. and K; and . ^jV^/?^^^ 

wherein at least either of Zn and the Ta are at least partly replaced by at least 6h,e%iem<^ selected from the group 
consisting of Mg. Ca. Sr. La. 8. Al. Ga. Ti. Zr. Hf. V. Nb, Si. Sn. Sb, Mn. Fe. Co. W, and Ni. 

23. The dielectric material of claim 22. wherein at least either of the Zn and the Ta are at least partly replaced by at 
75 least one element selected from the group consisting of Mg, Zr, Qa. Ni, Nb. and Sn. 

24. A dielectric material comprising between 80.0 and 99.9 mol% Ba(Zni/3Ta2/3)03 and between 0.1 and 20.0 mol% 
KpTaOq, wherein p is between 0.60 and 2.00. 

20 25- A dielectric material comprising between 85.0 and 99.9% Ba(Zni/3Ta2/3P3 and between 0.1 and 15.0 mol% 
KpTaOq. and p is between 1 .00 and 2.00. 

26. The dielectric material according to one of the claims 24 or 25, wherein at least either of the Zn and the Ta are at 
least partly replaced by at least one element selected from a group consisting of Mg. Ca, Sr. La, B. Al, Ga, Ti. Zr. 

25 Hf, V. Nb. Si. Sn. Sb, Mn, Fe. Co. W, and Ni, 

27. A method of producing a dielectric material that comprises a connplex oxide having a perovskite crystal structure, 
wherein metallic elements of the complex oxide are selected from a group consisting of Ba. Zn. Ta. and K as metal- 
lic elements, the method conrprising the steps of: 

30 

mixing a barium compound, a zinc compound, a tantalum compound and a potassium compound to produce 
a mixture, wherein each of the compounds is either an oxide or a corrpound changing into an oxide upon heat- 
ing; 

35 compacting the mixture to produce a compact; 

sintering the compact at a sintering temperature of between 1 .300 and 1 ,650'C; and 

heat-treating the compact at a temperature lower than the sintering temperature by frorn 50 to 250"C in an oxi- 
40 dizing atmosphere for at least 1 2 hours. 

28. A method of producing a dielectric material comprising a complex oxide having a metallic element selected from a 
group consisting of Ba. Zn, Ta, and K and having a perovskite crystal structure, wherein at least either of the Zn 
and the Ta is at least partly replaced by at least one element selected from the group consisting of Mg, Ca. Sr. La. 

45 B, Al. Ga. Ti. Zr. Hf. V. Nb. Si, Sn. Sb. Mn, Fe. Co. W. and Ni, the method comprising the steps of: 

mixing a barium compound, a zinc compound, a tantalum compound, a potassium compound and a compound 
of the at least one element which each is either an oxide or a compound changing into an oxkJe upon heating 
to create a mixture; 

so 

compacting the mixture to form a compact; 

sintering the compact at a sintering temperature of between 1 .300 and 1 650''C; and 

55 heat-treating the compact at a temperature lower than the sintering temperature by from 50 to 250*C in an oxi- 

dizing atmosphere for at least 1 2 hours. 



29. The method of daim 28, wherein the at least one element is selected from the group consisting of Mg, Zr, Ga. Ni, 
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Nb, and Sn. * 

30. The method of claim 28 or 29, wherein the sintering is conducted at a temperature of between 1 .400 and 1 ,600**C. 

31. The method according to one of the claims 28 to 30. wherein the heat treatment is conducted at a temperature 
lower than the sintering temperature by from 80 to ISO'^C. 

32. The method according to one of the claims 28 to 31 , wherein air is used as the oxidizing atmosphere. 
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